Studies have been conducted with the argnase (L-arginine amidinohydrolase, EC 3.5.3.1) of two legumes: jack bean, Canavalia enuiformis (L.) DC*, a L-canavanine-containing plant and soybean, Glycine max, a canavanine-free species. Analyses of the arginase obtained from gradientpurified mitochondria of these legumes revealed that the arginine-dependent (ADA) and canavanine-dependent activities (CDA) were localized within this orpnelle.
Arginase (L-arginine amidinohydrolase, EC 3.5.3.1) catalyzes the hydrolysis of L-arginine to L-ornithine and urea. In many leguminous plants, L-canavanine, the guanidinooxy structural analog of L-arginine, serves as an important nitrogen-storing metabolite (1, 14) . These plants presumably employ arginase to hydrolyze L-canavanine to L-canaline and urea (7, 12) .
This study compared the catalytic action with regard to arginine and canavanine of the arginase from two legumes: jack bean, Canavalia ensiformis (L.) DC., a canavanine-containing plant and soybean, Glvcine max (L.) Merr. var Williams, a canavanine-free species (15) . It bolic reactions. This work commenced a series of biochemical studies designed to provide greater insight into the metabolic relationship between the primary metabolites, L-arginine and its ornithine-urea cycle allies, and their nonprotein amino acid analog counterparts. Table I . The highest specific activities for hydrolysis of both substrates occurred in the mitochondrial fraction (12,000g pellet). The soluble or cytoplasmic fraction (30,000g supernatant solution) also contained a substantial portion of the total activity; however, the specific activity of this fraction was extremely low (less than 15% of the 12,000g fraction). Arginase activity in this fraction may result from a cytoplasmic isozyme or simple release of mitochondrial enzymes during homogenization and/or centrifugation. The distribution of arginase activity from soybean cotyledons was similar to that found for jack bean (data not provided). The localization of arginase within the mitochondria has been shown for several plants (2, 10, 19, 20) . Gradient-purified mitochondria from jack bean and soybean were examined to determine whether ADA was similarly compartmentalized, and if CDA was also associated with this organelle. The mitochondria obtained were metabolically active and typically oxidized succinate, NADH, and malate with respiratory control ratios ranging from 4 to 6 in the most active preparations. Approximately 40% of both the total ADA and CDA were retained within the jack bean mitochondria (Table II) . Moreover, the specific activity of both the ADA and CDA increased nearly 60-fold by isolation of the organelles compared to cotyledon homogenates. This suggested that the enzyme(s) responsible for hydrolysis of both amino acids resided within the mitochondria. The recovery and specific activity of the arginase from soybean mitochondria was not as great as that from jack bean mitochondria (Table III) . This finding may reflect difficulties in maintaining organelle integrity during the isolation procedure (I1) that were not encountered with jack bean preparations.
MATERIALS AND METHODS
The possibility that other enzymes involved with arginine metabolism might occur in jack bean and soybean mitochondria was examined. Enzyme assays for ornithine carbamoyltransferase, argininosuccinic acid synthetase, and argininosuccinic acid lyase revealed no appreciable activity in gradient-purified mitochondria from either legume.
Partial Purification and Characterization of Arginase. Tritonsolubilized mitochondrial protein was precipitated with solid, enzyme-grade (NH4)2SO4 before affinity chromatography on arginine-linked sepharose. The specific activity of both ADA and CDA increased more than 15-fold after affinity chromatography as compared to gradient-purified materials (Table II) . This resulted in a purification of more than 900-fold relative to the original cotyledon homogenate. SDS-gel electrophoresis of the affinity purified jack bean enzyme revealed one major and four minor bands.
Comparative kinetic analyses of the ADA and CDA of jack bean and soybean were conducted with the affinity-purified protein. The Inhibition. The ability ofcanavanine to inhibit jack bean ADA or arginine to inhibit CDA at pH 7.7 was examined to determine the extent each substrate interfered with the hydrolysis of the other in vitro (Table IV) . Canavanine was found to inhibit ADA at pH 7.7 (18% inhibition with 76 mM canavanine), but it did not inhibit ADA at pH 9.7. Arginine inhibited CDA at pH 7.7 (48% at 80 mm arginine) much more than canavanine interfered with ADA. In a similar vein, at a constant substrate concentration of 100 mm, at pH 7.7 canavanine and arginine generate a comparable amount of urea. At pH 9.7, however, urea production from canavanine is only 7% of that from arginine.
These results may reflect the charge state of the guanidino/ oxyguanidino group on these amino acids since they possess different pKa values. The guanidino group of arginine is fully protonated at pH 7.7 (18) while the guanidinooxy group of canavanine is uncharged at pH 9.7 (3). Arginine's capacity to inhibit CDA at pH 7.7 and function as an active arginase substrate at both pH values, may reflect the protonation of the guanidino group. At pH 9.7, where canavanine is deprotonated, it is a relatively poor substrate for arginase and has limited ability to inhibit ADA.
DISCUSSION
Arginase has been shown to mediate the hydrolysis of both Larginine and L-canavanine in the canavanine-containing plant, Canavalia ensiformis. On the other hand, the arginase of the canavanine-free legume, Glycine max exhibits little demonstrable activity with canavanine. The experimental evidence supports strongly the existence ofa single macromolecule in C. ensiformis that catalyzes the cleavage of both amino acids.
At a pH of 9 or above, the in vitro pH optima range for arginine, canavanine is virtually fully deprotonated. The anionic canavanine species is a very poor substrate for arginase and possesses little capacity to inhibit arginase-mediated cleavage of arginine. At physiological pH, canavanine exists in the cationic form and it is both an effective substrate for arginase and able to inhibit arginase-directed hydrolysis of arginine.
The existence of a single protein that fosters the catabolism of both arginine and canavanine gains added significance by focusing on the means whereby higher plants, by modification of the enzymes of primary metabolisn, may have evolved the biosynthetic ability to produce secondary metabolites. The arginase of jack bean, relative to that of soybean, is markedly superior in its catalytic action with canavanine. Recent studies of the bruchid bettle, Caryedes brasiliensis, a canavanine-adapted, seed-predator revealed the evolution of an arginyl tRNA synthetase able to distinguish between arginine and canavanine (16) . Canavaninesensitive insects studied to date do not produce such a discriminatory enzyme. This discriminatory capacity may have conferred a general resistance to the incorporation of nonprotein amino acid analogs into proteins (17) . It is germane to ask whether the arginase of C. ensiformis has been modified so as to accomodate canavanine? It may well be that, in canavanine-producing plants such as jack bean, the active site of existing enzymes functioning in the anabolism of primary metabolites was modified in order to produce secondary nonprotein amino acids that improved the overall Darwinian fitness.
